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$d$ Noether $(A, m)$ ideal $I$ Rees $R(I)=$
$\oplus_{n\geq 0}I^{n}$ C-M Gorenstein associated graded ring $G(I)=\oplus_{n\geq 0}I^{n}/I^{n+1}$
[8] $A$ C-M
$I=m$ $R(m)$ C-M (resp. Gorenstein)
$G(m)$ C-M (resp. Gorenstein) $a(G(m))<0$ (resp. $a(G(m))=-2$)
$d\geq 1$ (resp. $d\geq 2$ ) [12] C-M
$[H_{M}^{l}(G(m))]_{n}$ ( $M$ $G(m)$ ideal) vanishing
Noether $(A, m)$ [13] $grade_{A}I\geq 2$
$R(I)$ Gorenstein $A$ $G(I)$ quasi-Gorenstein $a(G(I))=-2$
I\phi $R(I)$ C-M
Trung-Ikeda [14] $R(I)$ C-M $i\neq d$
$n\neq-1$ $[H_{M}^{i}(G(I))]_{n}=(0)$ $a(G(I))<0$
$A$ ideal $P$ symbolic Rees algebra $R_{s}(p)=\oplus_{n\geq 0}p^{(n)}$
‘ Cutkosky, Huneke, Herzog, Schenzel, Ulrich, Vasconcelos





ideal $F=\{F_{n}\}_{n\in Z}$ (i) $F_{n}\supseteq F_{n+1}$ for $\forall n\in Z$ ,
(ii) $F_{0}=A$ , (iii) $F_{m}F_{n}\subseteq F_{m+n}$ for $\forall m,$ $n\in Z$ ( $F$ $A$ filtration
) A-
$R(F)= \sum F_{n}t^{n}\subseteq A[t]$
$R’(F)= \sum_{n\in Z}^{n\geq 0}F_{n}t^{n}\subseteq A[t, t^{-1}]$
$G(F)=R’(F)/t^{-1}R’(F)$
( $t$ ) Rees $R(I)$ $R(F)$
$R(F)$ Noether filtration $F$
(1.1).
(1) $R$ Noether
(2) $F_{kn}=F_{k}^{n}$ for $\forall n\in Z$ $k$
(3) $R(F)^{(k)}\cong R(F_{k})$ $k$
(4) $R(F)^{(k)}$ Noether $k$
$R(F)$ Noether Krull
$(1.2)$ . $\dim R^{/}(F)=d+1,$ $\dim G(F)=d$
$\dim R(F)=\{\begin{array}{l}d+1F_{1}\not\in\cap p\not\subset)\text{ }p\in AsshAd\ll\cdot c9\{tL\end{array}$
$F=\{F_{n}\}_{n\in Z}$ $A$ filtration $R=R(F),$ $R’=R’(F),$ $G=$
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$G(F)$ $R$ Noether $\dim R=d+1$ $M$ $R$
ideal
2 Rees $R(F)$ C-M
(2.1)
(1) $R$ C-M
(2) (i) $i\neq d,$ $n\neq-1$ $[H_{M}^{\mathfrak{i}}(G)]_{n}=(0)$ (ii) $a(G)<0$ .
$i\neq d,$ $n\neq-1$ $[H_{M}^{i}(G)]_{n}\cong H_{m}^{i}(A)$
Vi\^et[15] $A$ C-M (2.1)
statement





(2.4) $0arrow Jarrow Rarrow Aarrow 0$
(2.5) $0arrow J(1)arrow Rarrow Garrow 0$
$H_{M}^{0}(\cdot)$
$H_{m}^{d}(A)arrow H_{M}^{d+1}(J)arrow H_{M}^{d+1}(R)arrow 0$ (exact)




$n\neq-1$ $[H_{M}^{d+1}(R)]_{n}$ $[H_{M}^{d+1}(R)]_{n+1}$ homomorphic image $\circ$




(1.1) $F_{kn}=F_{k}^{n}$ for $\forall n\in Z$ $k$ $k$
$G’=G(F_{k})$ $R(F_{k})$ ideal $N$
(2.6). (1) $i\geq 0$ $[H_{M}^{i}(G)]_{n}=(0)$ for any $n\neq-1$ $[H_{N}^{i}(G’)]_{n}=$
(0) for all $n\neq-1$
(2) $a(G)<0$ $a(G’)<0$









$[H_{M’}^{J}(R’)]_{km}\cong[H_{N’}^{J}(R^{\prime(k)})]_{m}$ (cf. [9, THEOREM(3.1.1)]) $(j\geq 0$ ,




(2) $a(G)<0$ $n\geq 0$ $H_{M}^{d}(G)=(0)$ (1)
$n\geq 0$ $[H_{N}^{d}(G’)]_{n}=(0)$ $a(G’)<0$
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(2.7). $i\neq d,$ $n\neq-1$ $[H_{M}^{l}(G)]_{n}=(0)$ $a(G)<0$ $i\neq d+1$
$n\in Z$ $[H_{M}^{i}(R)]_{kn}=(0)$
. (2.6) $i\neq d,$ $n\neq-1$ $[H_{N}^{i}(G’)]_{n}=(0)$ $a(G’)<0$ , [14,
Theorem 1.1] $R(F_{k})$ C-M $i\neq d+1$ $H_{N}^{i}(R(F_{k}))=(0)$
$R(F_{k})\cong R^{(k)_{\text{ }}}[H_{N}^{i}(R^{(k)})]_{n}\cong[H_{M}^{i}(R)]_{kn}$ (cf. [9, THEOREM(3.1.1)])
$[H_{M}^{i}(R)]_{kn}=(0)$ 1
(2.1) . $J= \sum_{n\geq 1}F_{n}t^{n}$ (2.4) (2.5)
(1) $\Rightarrow(2)i<d$ $H_{M}^{i}(R)=H_{M}^{i+1}(R)=(O)$ (2.4) $H_{m}^{i}(A)\cong$
$H_{M}^{i+1}(J),$ $(2.5)$ $H_{M}^{i}(G)\cong H_{M}^{i+1}(J)(1)$ $H_{M}^{i}(G)\cong H_{m}^{i}(A)(1)$
(2) (i) (2.4) (2.5) $R$-
$0arrow H_{m}^{d}(A)arrow H_{M}^{d+1}(J)arrow H_{M}^{d+1}(R)$
$0arrow H_{M}^{d}(G)arrow H_{M}^{d+1}(J)(1)arrow H_{M}^{d+1}(R)$
induce ‘ (2.3) $n\geq 0$ $[H_{M}^{d+1}(J)]_{n+1}=(0)$ $[H_{M}^{d}(G)]_{n}\cong$
$[H_{M}^{d+1}(J)]_{n+1}$ $[H_{M}^{d}(G)]_{n}=(0)$ for $\forall n\geq 0$ $a(G)<0$ (2)
(ii)
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(2) $\Rightarrow(1)i<d+1$ $H_{M}^{l}(R)=(0)$ (2.4) (2.5)
(a) $H_{m}^{i-1}(A)arrow H_{M}^{i}(J)arrow H_{M}^{i}(R)arrow H_{M}^{i}(A)$
(b) $H_{M}^{i-1}(G)arrow H_{M}^{l}(J)(1)arrow H_{M}^{i}(R)arrow H_{M}^{l}(G)$
$n\geq 0$ (a) $[H_{M}^{i}(J)]_{n+1}\cong[H_{M}^{l}(R)]_{n+1}$ (2)
$[H_{M}^{i-1}(G)]_{n}=[H_{M}^{l}(G)]_{n}=(0)$ (b) $[H_{M}^{i}(J)]_{n+1}\cong[H_{M}^{i}(R)]_{n}$ $\circ$
$[H_{M}^{i}(R)]_{n}\cong[H_{M}^{i}(R)]_{n+1}$ $[H_{M}^{i}(R)]_{m}=$ (0) for $m>>0k$
$[H_{M}^{i}(R)]_{n}=(0)$ $n<0$ (a) $[H_{M}^{i}(J)]_{n}\cong[H_{M}^{1}(R)]_{n}$
(b) inclusion $[H_{M}^{i}(J)]_{n^{c}}arrow[H_{M}^{i}(R)]_{n-1}$ $[H_{M}^{i}(R)]_{n}\sim\rangle$ $[H_{M}^{i}(R)]_{n-1}$
$[H_{M}^{i}(R)]_{n}$ $[H_{M}^{i}(R)]_{kn}(k\geq 1)$ $k$
$F_{kn}=F_{k^{n}}$ for all $n\in Z$ (2.7) $[H_{M}^{i}(R)]_{kn}=(0)$
$[H_{M}^{i}(R)]_{n}=(0)$ $H_{M}^{i}(R)=(0)$ $\circ$ $\iota$
3 Gorenstein





(2) (i) $i\neq d,$ $n\neq-1$ $[H_{M}^{i}(R)]_{n}=(0)$ . (ii) $K_{A}\cong A$ . (iii) $K_{G}\cong G(-2)$ .
(3.2). $A$ C-M grade $AF1\geq 2$
(1) $R$ Gorenstein
(2) $A$ $G$ Gorenstein $a(G)=-2$
$grade_{A}F_{1}=1$ statement filtration $F$
$\circ$ : $(\#)f\in Hom_{A}(F_{1}, A)$ $\forall n\geq 1$ $f(F_{n})\subseteq F_{n-1}$ .
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(3.3). $F=\{F_{n}\}_{n\in Z}$ $(\#)$
(1) $I$ $A$ ideal $S$ $A$ $\forall n\geq 1$ $F_{n}=I^{n}\cdot S^{-1}A\cap A$
(2) $A=\oplus_{i\geq 0}A_{i}$ graded ring $A_{1}$ A-NZD $F_{n}=\oplus_{\{\geq n}A_{i}$
(1) $f\in Hom_{A}(F_{1}, A),$ $n\geq 1$ $\circ\exists s\in S$ s.t. $sF_{n}\subseteq I^{n}$ . $sf(F_{n})=$
$f(sF_{n})\subseteq f(I^{n})=I^{n-i}f(I)\subseteq I^{n-1}$ . $f(F_{n})\subseteq f(F_{n-1})$ .
(2) $k\leq-2$ $[\underline{Hom}_{A}(F_{1}, A)]_{k}=$ (0) o $k\leq-2$
$\forall f\in[\underline{Hom}_{A}(F_{1}, A)]_{k}$ $A_{1}\ni\exists a$ : A-NZD. $f(a)\in A_{k+1}=(0)$ .
$\forall x\in F_{1}$ a$f(x)=xf(a)=0$ . $a$ A-NZD $f(x)=0$ . $f=0$ .
$grade_{A}F_{1}=1$ $R$ Gorenstein
(3.4). $A$ (S2) $ht_{A}F_{1}=1$ $F$ $(\#)$ $F_{1}\subseteq p\in$
$SpecA$ $ht_{A}p=1$ $A_{p}$ Gorenstein
(1) $R$ Gorenstein
(2) (i) $i\neq d,$ $n\neq-1$ $[H^{\iota_{\mathfrak{h}f}}-(G)]_{n}=$ (0). (ii) $K_{A}\cong Hom_{A}(F_{1}, A)$ . (iii)
$0arrow G(-2)arrow K_{G}arrow Ext_{A}^{1}(A/F_{1}, A)arrow 0$ graded R-modules
(3.1) (3.4) step
(3.5). $F$ $(\#)$ $R$ Gorenstein
(i) $i\neq d,$ $n\neq-1$ $[H_{M}^{i}(G)]_{n}=(0)$ .
(ii) $K_{A}\cong Hom_{A}(F_{1}, A)$ .
(iii) $0arrow G(-2)arrow K_{G}arrow Ext_{A}^{1}(A/F_{1}, A)arrow 0$ graded R-modules
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(3.5)
(3.6). $R$ C-M $F_{1}$ A-NZD
. $J= \sum_{n\geq 1}F_{n}$ $R/J\cong A$ $ht_{R}J=\dim R-\dim A=1$ .
$J\not\in P$ for $\forall P\in Ass$ R. $ct^{n}\in J(c\in F_{n}, n\geq 1)$ $ct^{n}\not\in P$ for $\forall P\in AssR$
$ct^{n}$ R-NZD $c$ A-NZD $c\in F_{n}\subset F_{1}$
1
(3.5) . (i) (2.1) (ii) (iii) (2.2)
$K_{R}\cong R(-1)$ $K_{A}\cong\underline{Ext}_{R}^{1}(A, R(-1)),$ $K_{G}\cong\underline{Ext}_{R}^{1}(G, R(-1))$ $0$
(2.4) (2.5) $Hom_{R}(\cdot, R(-1))$
$(2.4)^{*}$ $0arrow R(-1)arrow L(-1)arrow K_{A}arrow 0$
$(2.5)^{*}$ $0arrow R(-1)arrow L(-2)arrow K_{G}arrow 0$
$L=\underline{Hom}_{R}(J, R)$ $(2.4)^{*}$ $K_{A}\cong L_{-1}$ . $f\in Hom_{A}(F_{1}, A)$
$\varphi(f)\in L_{-1}$ $\varphi(f)(ct^{n})=f(c)t^{n-1}(c\in F_{n}, n\geq 1)$ ( $F$ $(\#)$
)
$\varphi$ : $Hom_{A}(F_{1}, A)$ $arrow$ $L_{-1}$
$f$ $\vdasharrow$ $\varphi(f)$
$\varphi$ injective $\varphi$ surjective
(ii) $\forall\sigma\in L_{-1}$ $\sigma$ $g\in Hom_{A}(F_{1}, A)$ $g(c)=\sigma(ct)\in$
$=A(c\in F_{1})$
$\varphi(g)(xt^{n})=\sigma(xt^{n})$ for $\forall x\in F_{n}$
$n$ $n=1$ $g$
$n>1$ (3.6) A-NZD $a\in F_{1}$
$a\cdot\varphi(g)(xt^{n})$ $=$ $a\cdot g(x)t^{n-1}$
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$=$ at $\cdot g(x)t^{n-2}$
$=$ at $\cdot\varphi(g)(xt^{n-1})$
$=$ at $\cdot\sigma(xt^{n-1})$ ( )
$=$ $\sigma(axt^{n})$
$=$ $a\cdot\sigma(xt^{n})$
$\varphi(g)(xt^{n})=\sigma(xt^{n})$ $\varphi(g)=$ \mbox{\boldmath $\sigma$} $\sigma$
$\varphi$ surjective $\circ$
(iii) (a) $[K_{G}]_{n}=(0)$ if $n\leq 0$ (b) $[K_{G}]_{1}\cong$
$Ext_{A}^{1}(A/F_{1}, A)$ (c) $(K_{G})_{[2]}\cong G(-2)$ $(K_{G})_{[2]}=\oplus_{n\geq 2}[K_{G}]_{n}$
( graded R-module $X=\oplus_{n\in Z}X_{n}$ $k\in Z$ $X_{[k]}=\oplus_{n\geq k}X_{n}$
$\forall k,$ $\forall l\in Z$ $(X(k))_{[l]}\cong(X_{[k+l]})(k)$ )
$R$ C-M ‘ (2.1) $a(G)<0$ (a)
$0arrow F_{1}arrow Aarrow A/F_{1}arrow 0$ (exact) A-dual | $0arrow Aarrow Hom_{A}(F_{1}, A)arrow$
$Ext_{A}^{1}(A/F_{1}, A)arrow 0$ (exact) $(2.5)^{*}$ degree $=1$
$0$ $arrow$ $A$ $arrow$ $Hom_{A}(F_{1}, A)$ $arrow$ $Ext_{A}^{1}(F_{1}, A)$ $arrow$ $0$
$||$ $l\downarrow\varphi$
$0$ $arrow$ $A$ $arrow$ $L_{-1}$ $arrow$ $[K_{G}]_{1}$ $arrow$ $0$
(b) (c) (2.5) $(2.5)^{*}$ induce
$0$ $arrow$ $(R(-1))_{[2]}$ $arrow$ $(L(-2))_{[2]}$ $arrow$ $(K_{G})_{[2]}$ $arrow$ $0$ (exact)
$l\Vert$ $t||$
$(R_{[1]})(-1)$ $(L_{[0]})(-2)$
1 $||$ 1 $||$
$0arrow$ $(J(1))(-2)$ $arrow$ $R(-2)$ $arrow$ $G(-2)$ $arrow$ $0$ (exact)
1
$R$ Gorenstein
(3.6). $R$ C-M $[K_{R}]_{1}\cong A$ $\forall n\geq 2$ $[K_{G}]_{n}\cong$
$F_{n-2}/F_{n-1}$ $R$ Gorenstein
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. $\exists\xi\in[K_{R}]_{1}s.t$ . $[K_{R}]_{1}=A\cdot\xi$ .
$[K_{R}]_{n}=F_{n-1}t^{n-1}\cdot\xi$ for $\forall n\geq 1$
$n$ ( $K_{R}\cong R(-1)$ ) $n=1$
\mbox{\boldmath $\xi$} $n\geq 2$ $K_{A}\cong\underline{Ext}_{R}^{1}(A, K_{R}),$ $K_{G}\cong$
$\underline{Ext}_{R}^{1}(G, K_{R})$ (2.4) (2.5) $\underline{Hom}_{R}(\cdot, K_{R})$
$($ 2.4 $)^{\vee}$ $0arrow K_{R}arrow\underline{Hom}_{R}(J, K_{R})arrow K_{A}arrow 0$
(2.5)v $0arrow K_{R}arrow\underline{Hom}_{R}(J, K_{R})(-1)arrow K_{G}arrow 0$
$($ 2.5 $)^{V}$ $0arrow[K_{R}]_{n}arrow[\underline{Hom}_{R}(J, K_{R})|_{n-1}arrow[K_{G}|_{n}arrow 0$ (exact)
$(2.4)^{\vee}$ $[K_{R}]_{n-1}\cong[\underline{Hom}_{R}(J, K_{R})]_{n-1}$
$0arrow[K_{R}]_{n}arrow[K_{R}]_{n-1}arrow[K_{G}]_{n}arrow 0$ (exact)
$\forall i\in Z$ $\psi_{i}$ : $F_{i-1}arrow[K_{R}]_{i}$ $\psi_{i}(c)=ct^{i-1}\cdot\xi(c\in F_{i-1})$
$0$ $arrow$ $[K_{R}]_{n}$ $arrow$ $[K_{R}]_{n-1}$ $arrow$ $[K_{G}]_{n}$ $arrow$ $0$ (exact)
$\uparrow\psi_{n}$ $\uparrow\psi_{n-1}$
$0$ $arrow$ $F_{n-1}$ $arrow$ $F_{n-2}$ $arrow$ $F_{n-2}/F_{n-1}$ $arrow$ $0$ (exact)
$\rho$ : $F_{n-2}/F_{n-1}arrow[K_{G}]_{n}$ induce
$\psi_{n-1}$ surjective \mbox{\boldmath $\rho$} surjective \mbox{\boldmath $\tau$} $F_{n-2}/F_{n-1}\cong[K_{G}]_{1}$
\mbox{\boldmath $\rho$} isomorphism snake lemma
$\psi_{n}$ surjective $[K_{R}]_{n}=F_{n-1}t^{n-1}$ . \mbox{\boldmath $\xi$} $1$
(3.1) . (1) $\Rightarrow(2)Ext_{A}^{l}(A/F_{1}, A)=(0)$ if $i\leq 1$ ‘ $0arrow F_{1}arrow Aarrow$
$A/F_{1}arrow 0$ (exact) A-dual $A\cong Hom_{A}(F_{1}, A)$ (2)
‘ (3.5)
(2) $\Rightarrow(1)$ (ii) (iii) (2.1) $R$ C-M
(iii) $n\geq 2$ $[K_{G}]_{n}\cong F_{n-2}/F_{n-1}$
$[K_{R}]_{1}\cong A$ (3.6) $R$ Gorenstein
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(2.4)v $(2.5)^{\vee}$ $0[K_{G}]_{1}=(0)$ $(2.5)^{\vee}$ $[K_{R}]_{1}\cong[\underline{Hom}_{R}(J, K_{R})]_{0}$
$[K_{R}]_{0}=(0)$ (cf. (2.2)) $(2.4)^{\vee}$ $[\underline{Hom}_{R}(J, K_{R})]_{0}\cong K_{A}$ (ii)
$K_{A}\cong A$ $[K_{R}]_{1}\cong A$
$1$
(3.4) . (3.5) (2) $\Rightarrow(1)$ (iii) $n\leq 0$
$[K_{G}]_{n}=(0)$ $a(G)<0$ (i) $R$
C-M (iii) $n\geq 2$ $[K_{G}]_{n}\cong F_{n-2}/F_{n-1}$
‘ (3.6) $[K_{R}]_{1}\cong A$ $(2.4)^{\vee}$ $(2.5)^{\vee}$
$(2.5)^{\vee}$ $0arrow[K_{R}]_{1}arrow[\underline{Hom}_{R}(J, K_{R})]_{0}arrow[K_{G}]_{1}arrow 0$ (exact) Y $($ 2.4 $)^{\vee}$
$[\underline{Hom}_{R}(J, K_{R})]_{0}\cong K_{A}$ (iii) $[K_{G}]_{1}\cong E$ $:=Ext_{A}^{1}(A/F_{1}, A)$
$0arrow[K_{R}]_{1}arrow K_{A}arrow Earrow 0$
$0arrow F_{1}arrow Aarrow A/F_{1}arrow 0$ (exact) $Hom_{A}(\cdot, A)$
$0arrow Aarrow Hom_{A}(F_{1}, A)arrow Earrow 0$ (exact) (ii) $Hom_{A}(F_{1}, A)\cong K_{A}$
$0arrow Aarrow K_{A}arrow Earrow 0$
$[K_{R}]_{1}\cong A$
Claim. $K=K_{A}$ $Z$ $K$ A-submodule $K/Z\cong E$
$Z= \bigcap_{Ep\in Ass_{A}}F_{1}K_{p}\cap K$
A-submodule $Z$
Claim . $\forall p\in Ass_{A}E$ $F_{1}E=(0)$ $F_{1}\subseteq p$ $ht_{AP>}0$
$depth_{Ap}K_{p}>0$ $0arrow A_{p}arrow Ii_{P}’arrow E_{p}arrow 0$ (exact) depth lemma
depth $A_{p}=1$ $A$ (S2) $ht_{A}p=1$
$A_{p}$ Gorenstein






$F_{1}A_{p}$ ideal $Z= \bigcap_{p\in AssE}AZ(p)$ $Z$ $K$
( $Z(p)$ p-primary component ) $Ass_{A}E={\rm Min}_{A}E$
$\forall p\in$ ASSA $E$ $Z(p)=Ker(Knatarrow^{-}K_{p}/Z_{p})$ $Z_{p}=F_{1}K_{p}$




$K_{p}/Z_{p}$ $arrow$ $0$ (exact)
$l||$
$E_{p}$
$A_{p}$ Gorestein $F_{1}A_{p}$ $K_{p}/F_{1}K_{p}\cong A_{p}/F_{1}A_{p}\cong E_{p}$
$\epsilon\otimes A_{p}$ $F_{1}K_{p}=Z_{p}$ $\circ$ $1$
$F_{1}$ $\subseteq p\in SpecA$ $ht_{AP}=1$ $A_{p}$ Gorenstein” (3.4)
(3.7). $R$ C-M $Hom_{A}(F_{1}, A)\cong K_{A}$ $F_{1}\subseteq P\in SpecA$ $ht_{A}p=1$
$F_{n}A_{p}=F_{1}^{n}A_{p}$ for $\forall n\in Z$ $A_{p}$ Gorenstein










4 $R^{\mathfrak{h}}$ C-M Gorenstein




$:=R(J)= \sum_{n\geq 0}J_{n}u^{n}\subseteq R[u]$
( $u$ ) 2 3 $R^{\mathfrak{h}}$
(4.1). $R^{\mathfrak{y}}$ Noether $\dim R^{\mathfrak{h}}=d+2$ .
. $R$ Noether $f1\in F_{m_{1}},$ $\ldots,$ $f_{r}\in F_{m_{r}}(m_{1},$ $\ldots,$ $m_{r}$
) $R=A[f_{i}t^{m_{1}}, \ldots, f_{r}t^{m_{r}}]$
$S=A[ \{f_{k}t^{m_{k}}u^{n}|1\leq k\leq r, 0\leq n\leq m_{k}\}]\subseteq R^{\#}=\sum_{m\geq n}F_{m}t^{m}u^{n}$
$m\geq n$ $m,$ $n$ $F_{m}t^{m}u^{n}\subseteq S$ (
$m$ ) $R^{\mathfrak{y}}=S$ $R^{\mathfrak{h}}$ Noether
$\dim R^{\mathfrak{y}}=d+2$ $\exists P\in$ Assh $R$ s.t. $J\not\in P$
$(cf.(1.2))$ $\dim R=d+1$ $\exists p\in$ Assh $A$ s.t. $F_{1}\not\in p$ .
$J\not\in P:=pA[t|\cap R$ $p=p_{0}\subset p_{1}\subset\cdots\subset p_{d}=m$ $A$ ideal
$k>0$ $F_{1}\not\in p_{k-1}$ $F_{1}\subseteq p_{k}$ $P=p_{0}A[t]\cap R\subset\cdots$
$p_{k-1}A[t|\cap R\subset p_{k-1}R+J\subset p_{k}R+J\subset\cdots\subset p_{d}R+J$ $R$ ideal $d+1$
‘ $\dim R/P=d+1$ . $P\in$ Assh $R$ $\circ 1$
$R^{\mathfrak{h}}$ C-M Gorenstein $R$
27
(4.2). $G(\mathcal{J})\cong R$ as graded rings.




(2) $i\neq d+1,$ $n\neq-1$ $[H_{M}^{l}(R)]_{n}=(0)$ .
$F_{1}$ A-NZD
. $R^{\mathfrak{h}}$ $R_{M}\otimes_{R}R^{\mathfrak{h}}$ C-M $R_{M}$
ltration $J_{M}=\{J_{n}R_{M}\}_{n\in z}$ $R_{M}\otimes_{R}R^{\mathfrak{h}}\cong R(J_{M})$ $R_{M}\otimes_{R}G(\mathcal{J})\cong G(\mathcal{J}_{M})$
Y (2.1) $R_{M}\otimes_{R}R^{\mathfrak{h}}$ C-M $R_{M}\otimes_{R}G(\mathcal{J})$ local cohomology vanishing
$R\backslash M$ $G(\mathcal{J})$ unit $R_{M}\otimes_{R}G(\mathcal{J})\cong G(J)$
$(4.2)$ $R_{M}\otimes_{R}G(\mathcal{J})\cong R$
$R^{\mathfrak{h}}$ $C- M\Leftrightarrow i\neq d+1,$ $n\neq-1$ $[H_{M}^{i}(R)]_{n}=(0)$ $a(R)<0$
‘ (2.2) $a(R)<0$ $\circ 1$
(4.4). $R^{\mathfrak{h}}$ C-M
(1) $\forall k\geq 2$ $R^{(k)}$ C-M
(2) $R$ $(S_{2})$
. (1) $k\geq 2$ $\forall n\in Z$ $kn\neq-1$ $i\neq d+1$
$[H_{M}^{i}(R)]_{kn}=(0)$ $N$ $R^{(k)}$ ideal $[H_{N}^{i}(R^{(k)})]_{n}\cong$




Step 1. depth $R_{M}\geq 2$ .
. (1) $R^{(2)}$ C-M ‘ (3.6) $F_{2}$ A-NZD $a$ $0arrow Rarrow a$
$Rarrow R/aRarrow 0$ (exact) induce local cohomology
$H_{M}^{0}(R)=(0)$ $H_{M}^{0}(R/aR)\subseteq H_{M}^{1}(R)$ $\circ$ $H_{M}^{0}(R/aR)\subseteq R/aR$
(4.3) $H_{M}^{1}(R)=[H_{M}^{1}(R)]_{-1}$ $H_{M}^{0}(R/aR)=(0)$ 0
depth $R_{M}/aR_{M}\geq 1$ depth $R_{M}\geq 2$ .
Step 2. $a$ Step 1 A-NZD $P\in Ass_{R}R/aR$
$P\cap A\neq m$ $ht_{R}P=1$
. $P\cap A=m$ $J\subseteq P$ $P=M$ depth $R_{M}=1$
Step 1 $J\not\in F.$ $x\in$ fi $(1>0)$ $xt^{t}\not\in P$
$P\in$ ASSR $R/aR$ $P=aR:_{R}yt^{k}(y\in F_{k}, k>0)$
$yt^{k}$ $xyt^{k+l}$ $k\geq 2$ $R^{(k)}$ C-M
$P\cap R^{(k)}=aR^{(k)}:_{R^{(k)}}yt^{k}$ $P\cap R^{(k)}\in Ass_{R^{(k)}}R^{(k)}/aR^{(k)}$ $ht_{R^{(k)}}P\cap R^{(k)}=1$
$R$ $R^{(k)}$ integral $ht_{R}P=1$
Step 3. depth $R_{Q} \geq\min\{2, ht_{R}Q\}$ for $\forall Q\in SpecR$ .
. $Q\in SpecR$ $p=Q\cap A$ $F_{p}=\{F_{m}A_{p}\}_{m\in Z}$ ( $A_{p}$
filtration ) $R_{p}\cong R(F_{p}),$ $QR_{p}\cap A_{p}=pA_{p}$ $R_{p^{\mathfrak{h}}}\cong R_{p}\otimes_{R}R^{\mathfrak{y}}$ C-M
$Q\cap A=m$ $Q$ Step 1 R-NZD
a ht$RQ=1$ ht$RQ\geq 2$
Step 2 $Q\not\in P$ for $\forall P\in Ass_{R}R/aR$ $Q$ $R/aR$-NZD
depth $R_{Q}\geq 2$ 1
$R\#$ Gorenstein $A$ Gorenstein
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(4.5).
(1) $R^{\mathfrak{h}}$ Gorenstein $\circ$
(2)
(i) $i\neq d+1,$ $n\neq-1$ $[H_{M}^{i}(R)]_{n}=(0)$
(ii) $K_{R}\cong Hom_{R}(J, R)$ .
Step
(4.6). $I=F_{1}R+J$ $ht_{A}F_{1}>0$ $ht_{R}I\geq 2$
. $P$ 1 $R$ ideal $p=P\cap A$ $A_{P}$ filtration $F_{p}=$
$\{F_{m}A_{p}\}_{m\in Z}$ $R_{p}\cong R(F_{p})$ Y $ht_{A_{P}}F_{1}A_{p}>0$ $\dim R_{p}\geq 2$
$PR_{p}$ $R_{p}$ ideal ht ${}_{R}P=$ ht${}_{Rp}PR_{p}=\dim R_{p}\geq 2$
ht$RI\geq 2$ 1
(4.7). $P\in SpecR$ $ht_{R}P\leq 1$ $ht_{A}F_{1}>0$ $J_{n}R_{P}=$
$J^{n}R_{P}$ for $\forall n\in Z$
. $J\not\in P$ $J\subseteq P$ $p=P\cap A$ (4.6)
$F_{1}\not\in p$ $R_{p}\cong A_{p}[t]$ $J_{n}R_{p}=J^{n}R_{p}$ for $\forall n\in$ Z. $PR_{p}$
1
$(\cdot)^{*}=\underline{Hom}_{R}(\cdot, R)$
(4.8). $F_{1}$ A-NZD $\forall n\leq-2$ $[J^{*}]_{n}=(0)$ $[J^{*}]_{-1}\neq$
(0)
. $n\leq-2$ $\forall\varphi\in[J^{*}]_{n}$ A-NZD $a\in F_{1}$
at $\in J_{1}$ $\varphi(at)\in R_{n+1}=$ (0). $c\in F_{m}(m>0)$
$at$ $\varphi(ct^{m})=ct^{m}\cdot\varphi(at)=0$ $at$ R-NZD $\varphi(ct^{m})=0$ .
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$[J^{*}]_{-1}$ $[J^{*}]_{-1}\neq(0)$ $\circ 1$
(4.9). $R^{\mathfrak{h}}$ C-M $K_{R}\cong J^{*}$ as the underlying R-moddes
$K_{R}\cong J^{*}(-2)$ as graded R-modules
. (4.4) $R$ (S2) $K_{R}\cong J^{*}$ as the underlying R-modules $k$
$\exists m\in Z$ s.t. $K_{R}\cong J^{*}(m)$ as graded R-modules o (2.2) $a(R)=-1$
$\min\{n|[K_{R}]_{n}\neq(0)\}=1$ (4.3) $F_{1}$ A-NZD (4.8)
$\min\{n|[J^{*}(m)]_{n}\neq(0)\}=-(m+1)$ $1=-(m+1)$ . $m=-2$
1
(4.10). $R^{\mathfrak{h}}$ C-M graded R-modules
$\underline{Ext}_{R}^{1}(R/J, R)(-1)\cong\bigcap_{n\geq 1}(aF_{n-1}:_{A}F_{n})$
.
. (4.3) $F_{1}\ni\exists a$ : A-NZD. $at$ R-NZD.
Claim $(atR:_{R}J)/atR \cong\bigcap_{n\geq 1}(aF_{n-1}:_{A}F_{n})$ .
Claim . $n\geq 1$ $ct^{n}\in[atR;_{R}J]_{n}$ $ct^{n}\cdot F_{1}t\subseteq[atR]_{n+1}=aF_{n}t^{n+1}$
$cF_{1}\subseteq$ \alpha $ct^{n}\cdot F_{1}=cF_{1}t^{n}\subseteq aF_{n}t^{n}\subseteq aF_{n-1}t^{n}=$ $[$ at $R]_{n}$
$ct^{n}\in atR$ : I $(1 =F_{1}R+J)$ (4.6) $ht_{R}$ I $\geq 2$ (4.4) $R$ (S2)
$grade_{R}$ I $\geq 2$ $atR$ : I $=\alpha tR$ $ct^{n}\in atR$
$n\geq 1$ $[(atR:_{R}J)/atR]_{n}=(0)$ $[(atR:_{R}J)/atR]_{0}=$
n>l $(aF_{n-1}:_{A}F_{n})$ Claim
$0arrow R(-1)arrow Ratarrow R/atRarrow 0$ $\underline{Hom}_{R}(R/J, \cdot)$
$\underline{Ext}_{R}^{1}(R/J, R)$ $\cong$ $Hom_{R}(R/J, R/atR)$
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(4.12). $R^{\mathfrak{h}}$ C-M $K_{R}\cong$ J* $0arrow \mathcal{G}(-2)arrow K_{\mathcal{G}}arrow$
$Ext_{R}^{1}(R/J, R)(-1)arrow 0$ graded $R^{\mathfrak{h}}$ -modules
. $0arrow Jarrow Rarrow R/Jarrow 0$ R-dual
$0arrow Rarrow J^{*}arrow\underline{Ext}_{R}^{1}(R/J, R)arrow 0$ (exact)
,(49) $K_{R}\cong J^{*}(-2)$ ,
$0arrow R(-2)arrow K_{R}arrow\underline{Ext}_{R}^{1}(R/J, R)(-2)arrow 0$ (exact)
induce (4.10) $\underline{Ext}_{R}^{1}(R/J, R)(-1)\cong\bigcap_{n\geq 1}(aF_{n-1}:_{A}F_{n})$
$0 arrow R(-2)arrow K_{R}arrow\bigcap_{n\geq J}(aF_{n-1}:_{A}F_{n})(-1)arrow 0$ (exact)
(4.2) $R\cong \mathcal{G}$ graded $\mathcal{G}$-modules
category
$0 arrow \mathcal{G}(-2)arrow K_{\mathcal{G}}arrow\bigcap_{n\geq 1}$
(a $I_{n-1}+J/J:_{R/J}I_{n}/J$) $arrow 0$ (exact)
32
(6.11) $\circ 1$
(6.5) . (4.3) $R_{M}$ filtration $\mathcal{J}_{M}=\{J_{n}R_{M}\}_{n\in Z}$
$R_{M}\otimes_{R}R^{\mathfrak{h}}\cong R(\mathcal{J}_{M})$
$R^{\mathfrak{h}}$ $R_{M}\otimes_{R}R^{\mathfrak{h}}$ Gorenstein
(1) $\Rightarrow(2)$ (i) (4.3) (ii) (4.3) $F_{1}\ni\exists a$ : A-
NZD. $at$ R-NZD (3.3) filtration $J$ $(\#)$
$\mathcal{J}_{M}$ $(\#)$ . (3.5) $R(\mathcal{J}_{M})$ Gorenstein
$K_{R_{M}}\cong Hom_{R_{M}}(JR_{M)}R_{M})$ $(K_{R})_{M}\cong(J^{*})_{M}$ $K_{R}\cong J^{*}$ .
(2) $\Rightarrow(1)$ (4.3) (i) $R^{\mathfrak{h}}$ C-M (4.12)
$K_{R}\cong]^{*}$
$0arrow G(\mathcal{J}_{M})(-2)arrow K_{G(J_{M})}arrow Ext_{R_{M}}^{1}(R_{M}/JR_{M}, R_{M})(-1)arrow 0$ (exact)
induce $K_{R}\cong J^{*}$ $(K_{R})_{M}\cong Hom_{R_{M}}(JR_{M}, R_{M})$
(3.7) (4.7) $\forall P\in SpecR$ $J\subseteq P$ $ht_{R}P=1$ $R_{P}$
Gorenstein . (3.4) $R(\mathcal{J}_{M})$ Gorenstein
$R^{\mathfrak{h}}$ Gorenstein $1$
(4.13). $R^{\mathfrak{y}}$ Gorenstein $R^{(2)}$ Gorenstein
. $R^{\mathfrak{y}}$ Gorenstein (4.5) $K_{R}\cong J^{*}$ (4.12)
$0arrow R(-2)arrow K_{R}arrow Ext_{A}^{1}(A/F_{1}, A)(-1)arrow 0$
graded R-modules $Ext_{A}^{1}(A/F_{1}, A)(-1)$ degree $=1$
$R(-2)^{(2)}\cong K_{R}^{(2)}$ $R^{(2)}(-1)\cong K_{R^{(2)}}$
1
















(i) $i\neq d+1,$ $n\neq-1$ $[H_{M}^{l}(R)]_{n}=(0)$ .
(ii) $R(I^{2})$ Gorenstein
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